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Introduction:
In the UK, obesity is estimated to affect 1 in every 4 adults [1] , is prevalent in patients with type 2 diabetes (T2D) worldwide [2, 3] and is recognised to be associated with adverse cardiovascular (CV) events including mortality [4] . The therapeutic management of T2D aims at maintaining good glycaemic control in order to minimise long-term vascular complications but in the obese population, balancing the appropriate choice of therapy with the unintended effects such as weight gain presents a dilemma and therefore needs to be individualised [5] .
Insulin therapy is the most effective therapy to lower Glycated Haemoglobin (HbA1c) levels but is well recognised to be associated with weight gain [6] . In the United Kingdom Prospective Diabetes Study (UKPDS), patients in the intensive intervention cohort was observed to gain approximately 5 kg during the 10-year follow-up period, with most of this gain occurring in the first 12 months. [7] We and others have also shown that in routine clinical practice, the effectiveness of insulin therapy to lower HbA1c levels is dependent on patients' baseline weight [8, 9] , and is speculated to be due to insulin-induced weight gain resulting in an increase in the amount of insulin required to control hyperglycaemia [10, 11] at the expense of further weight gain, possible poor treatment compliance and increased insulin resistance.
Despite the well-recognised correlation between obesity, exogenous hyperinsulinaemia and CV risk [12] , there is little direct evidence relating to the impact of baseline obesity on mortality outcomes following insulin initiation in routine clinical practice. However, there is indirect evidence that weight gain does adversely affect CV risk. The ACCORD study designed to investigate whether an aggressive therapeutic strategy to achieve tight glucose target (HbA1c <6.5%) would reduce CV events surprisingly showed an increased mortality in the intensively treated group [13] , with weight gain by more than 10kg occurred in 27.8% of the intensively treated patients compared with 14.1% in the standard therapy. While no causal relationship between obesity and adverse CV outcomes can be assumed, other retrospective studies have shown that people with diabetes who actively lose weight improve not only their risk profile [14] [15] [16] but also survival rate. Previous similar studies focusing on the association between obesity at insulin initiation were limited by either by their choice of patients as in the UKPDS which used predominantly obese patients; [7] study population size; [6] ; the exclusion of younger patients with T2D, short follow up period, or failure to adjust for important risk factors associated with obesity [17] .
To our knowledge, no real-world study has explored the long-term effects of obesity at insulin initiation on metabolic and CV outcomes. So, we aimed therefore to investigate the association between obesity, metabolic outcomes (HbA1c and weight), CV events and mortality in patients with T2D who initiated insulin therapy.
Methods:

Study Design and Data Source:
This was a retrospective cohort study using data derived from the UK anonymised longitudinal electronic Primary Care data called The Health Improvement Network (THIN). This database has details of over 12.4 million patients (3.61 million currently active) from about 587 UK general practices. It has been validated and shown to be representative of the UK population in terms of demography, life-event rates and other health-related events; and has been extensively used in diabetes-related researches. [18] [19] [20] Anonymised records on all insulin users with type 2 diabetes (T2D) between December 1, 2007 and May 31, 2014 were obtained and data on HbA1c levels, height, weight, socio-demographic variables, prescriptions of glucose-lowering medications, other medication prescriptions, and co-morbidities between 180 days before insulin initiation to 5 years after initiation were extracted.
Selection Criteria and Study Population:
The patient cohort was selected based on the following criteria at the index date of insulin initiation: age ≥ 18 years; records of diagnosis of T2D (identified by their appropriate ICD-10 codes) made a minimum of 180 days before index date and continuous prescription of insulin beyond 180 days after index date. Patients with identifiable ICD-10 codes for type 1 diabetes, gestational or other forms of diabetes, or with no identifiable continuous insulin prescription in their records were excluded. Insulin regimens are classed as premixed insulin (combination of short acting and long acting insulin in a prefilled pen) and basal bolus insulin (combination of any long acting insulin injected any time with at least one short acting insulin with meal)
Study Exposure and Outcomes:
The main exposure was the baseline BMI The primary outcomes were i) changes in HbA1c, weight and BMI from baseline to 6, 12, 24, 36, 48 and 60 months post index date; and ii) proportion of patients achieving a target HbA1c of ≤ 7.5% at these time intervals, stratified by BMI at index date. Post-index date HbA1c, weight and BMI values were assessed at 6 months and later at yearly intervals till a maximum of 5 years after index date. Where more than one recording of a variable was noted within each time interval, the mean value was computed and recorded for that review date. Secondary outcome was the risk of a three-point composite of Major Adverse Cardiovascular Events (MACE), comprising of non-fatal myocardial infarction (MI), non-fatal stroke and all-cause mortality between the baseline BMI categories. In estimating this risk, patients were followed up from the point of insulin initiation (index date) and censored at the earliest occurrence of any of the following outcomes -discontinuation of insulin, occurrence of MACE, loss to follow-up, and at the end of the study at 5 years. The time (t) to any of these outcomes was determined for each patient, as well as the event of MACE (d) which occurred within this time interval. These were fitted in a Cox regression model.
Covariates:
Significant a priori confounders which could impact on glycaemic control, change in weight and BMI, and the risk of MACE were extracted at baseline and adjustment was made for these in the multivariate linear and Cox regression models. These include demographic variables as age, gender, socioeconomic status (derived by the Townsend deprivation (21) scores and ranked in quintiles from the least, to the most deprived area), alcohol (drinker defined as currently consuming any amount of alcohol per week) and smoking status. Others were clinical measures as systolic and diastolic blood pressure, diabetes duration before index date, duration of use of other glucose-lowering therapies (GLTs), use of antihypertensives and lipid-lowering therapies (LLTs), co-morbidity status and laboratory measures as creatinine level, lipid-profile (total cholesterol, high density lipoprotein, low density lipoprotein, and triglycerides), glomerular filtration rates (eGFR), and albumin level.
Statistical Methods
A small proportion of patients had missing records for HbA1c, weight and height at different time intervals. These variables were uniformly distributed and completely missing at random.
Multiple imputations using the chained equation (MICE) model was used to account for these missing data and the imputed (complete) data were used for all analyses. The baseline characteristics of the study cohort was first summarised as the mean (with standard deviation) and as absolute values (with proportions) stratified by BMI category at baseline.
A univariate linear regression model was used to test the association between these baseline covariates and the study exposure and outcomes in order to adjust for any confounding effect they may have on the study outcomes. Covariates which were found to be significantly associated (p < 0.05) with the study exposure and outcomes were selected for inclusion in the multivariate model. So, for the primary outcomes of changes in HbA1c, weight and BMI, a multivariate repeated-measures linear regression model was fitted with their values at 6, 12, 24, 36, 48 and 60 months to estimate changes from index date. Pearson's Chi-square test was used to estimate the proportion achieving an HbA1c target of ≤ 7.5% at each time interval.
To estimate the hazard of MACE, crude and adjusted Kaplan-Meier estimates of survival functions between the BMI categories were calculated and the log-rank test was used to compare the equality of the survival curves between them. From these survival functions, we computed the absolute reduction in the probability of the incidence of the all-cause mortality within a 5-year follow-up. Finally, a Cox proportional hazard model to estimate the marginal and adjusted hazard of MACE in all the BMI groups (treated groups), compared to the normal BMI group. Any violations in the proportional hazards assumptions were confirmed with Schoenfeld residuals tests.
Sensitivity and Subgroup analyses
To explore the impact the missing values may have on the overall outcome and assess the robustness of our imputation, all the analyses were repeated in the dataset with missing values and the study outcomes compared. Also, subgroup analyses were done for the individual components of MACE, as well as a composite of CV events (non-fatal MI or stroke).
In all the models, the point estimates were estimated with 95% confidence intervals (CI) at the conventional statistical significance level of < 0.05 while all analyses were conducted using 
Results:
Baseline demographics:
The study population comprised 12,725 patients with T2D after the application of the inclusion and exclusion criteria on the initial 19,808 patients identified in the THIN dataset ( Figure 1 ).
There was a greater proportion of males in the normal BMI category and higher proportion of females in the obese class III BMI category (p < 0.0001). Patients in the normal BMI category were older while those in the obese class III were younger. Conversely, baseline HbA1c and systolic blood pressure were highest and lowest in the obese class III and normal BMI categories respectively (Table 1) .
Association between BMI on insulin initiation and glycaemic control.
A summary of the proportion of patients achieving the National Institute of Health and Care Excellence (NICE) target of ≤7.5% (58 mmol/mol) and the odds of attaining this target compared to the normal BMI category is shown in Table 2 . Compared to the normal BMI group, the odds of achieving the target HbA1c significantly declined across all rising BMI levels at 6 and 12 months. On the long term, however, there was no significant difference in the proportion achieving this target beyond 24 months, neither was any significant trend observed. Figure 2 showed the mean change in HbA1c from baseline in all BMI categories. Overall, there was a significant reduction in HbA1c-the greatest reduction was seen in the normal BMI category from 6 to 24 months, but beyond this period, the morbidly obese category recorded the greatest reduction. Following adjustment for age, gender, baseline HbA1c and duration of diabetes, when compared to the normal BMI group, the reductions in HbA1c at 6 months were 0.10% (95%CI: -0.01, 0.21; p=0.075) in the overweight; 0.19% (95%CI: 0.08, 0.29; p<0.001) in obese class I; 0.21% (95%CI: 0.10, 0.32; p<0.001) in obese class II; and 0.29% (95%CI: 0.17, 0.42; p<0.001) greater in the class III obese groups. At 12 months, the adjusted differences were slightly reduced to 0.08% (95%CI: -0.02, 0.19; p=0.119) in the overweight; 0.17% (95%CI: 0.06, 0.27; p=0.001) in obese class I; 0.19% (95%CI: 0.08, 0.30; p=0.001) in obese class II; and 0.25% (95%CI: 0.13, 0.38; p<0.001) greater in the class III obese groups.
Beyond 24 months, we failed to show statistical significance in the mean difference in HbA1c change between the BMI groups; such that at 60 months, the mean difference was 0.08% (95%CI: -0.09, 0.25; p=0.356) in the overweight; 0.05% (95%CI: -0.12, 0.21; p=0.807) in obese class I; 0.06% (95%CI: -0.11, 0.24; p=0.475) in obese class II; and -0.002% (95%CI: -0.20, 0.19; p=0.981) greater in the class III obese groups.
Association between BMI at baseline and changes in weight and BMI
There was a consistent significant increase in weight and BMI in the normal and overweight categories throughout the study duration, while the other categories experienced a decrease (p <0.00001 in all). Patients in the normal and overweight categories experienced increases in mean weight from 71.8kg and 81.5kg respectively at 6 months, to 80.7kg and 85.3kg (p < 0.0001) at 60 months; but in the obese (classes I to III) categories, there was a significant reduction in weight from baseline at each study timeline (e.g. from 115.1kg at 6 months to 103.5kg at 60months (p<0.0001) in the morbidly obese category). Similarly, BMI increased from 23.3kg/m 2 and 28.3kg/m 2 at 12 months in the normal and overweight categories respectively to 28.2kg/m 2 and 30.5kg/m 2 respectively at 60months (p<0.0001) but other BMI categories had a significant decrease in BMI ( Table 3 ).
The mean coefficient of change in weight compared to the normal BMI category showed greater reduction in weight and BMI across all the BMI categories, compared to the normal category at all study timelines (LRT p-values were <0.00001 in all). There was a significant trend (p <0.0001) across the BMI categories. So, for each level of baseline BMI, there was a reduction in weight and BMI. For instance, our findings at 12 months shows that for each level increase in BMI category, there was a reduction of 1.4kg (95%CI: -1.5, -1.3; p <0.0001) in weight and 0.62kg/m 2 (95%CI: -0.67, -0.58; p <0.0001) in BMI. as against the normal category which recorded the greatest gain of 11.00 kg in weight and 6.32kg/m 2 in BMI from baseline.
Risk of Major Adverse Cardiovascular Event (MACE)
The mean follow-up duration was 4.38 years with a total follow-up of 49,516 person-years.
There is no significant difference in survival between the baseline BMI categories at 5years
(log-rank test p-value = 0.228). There were 1,095 composite events of MACE, with a crude event rate of 22 1.75 (1.26 -2.43)] higher risk of MACE in the overweight, obese, clinically obese and morbidly obese categories respectively while the risks of a composite CV event were 25%, 21%, the same, and 34% higher compared to patients with normal BMI at baseline.
Discussion:
Several conclusion could be derived from this observational study obtained from a large longitudinal real world data. Firstly, HbA1c reduction was reduced irrespective of baseline Our findings above are robust, and are supported by separate analyses to explore possible confounders and via sensitivity analysis. This is further supported by consistent findings in patients from the entire cohort. The level of HbA1c and CV risk profile (e.g. lipid, blood pressure) were clinically similar across all weight change categories. This findings of this study was in concordance with a previous study using a US-based electronic medical record which reported a reduction in HbA1c was associated with progressively less weight gain as baseline BMI rose. [22] . The inference from that study that the lesser weight gain seen in obese patients was due to the use of less intensive insulin therapy may also apply to this cohort, although interestingly, we observed greater HbA1c reduction and paradoxical greater weight loss in the obese group, compared with the normal and overweight group at 36 months of insulin initiation. When adjusted for different confounder, we observed an overall greater HbA1c reduction in in the normal weight group and lesser weight in the overweight and obese group.
Although we observed the association between higher mortality rate with baseline obesity at insulin initiation, our study did not infer a causative role of insulin treatment in inducing the adverse mortality outcome in obese patients. Indeed, increased body weight among obese individuals per se is recognised to lead to worsening of cardiovascular risk factors [16, 17, 23] and in a prospective study of more than 17,000 middle-aged patients, obese patients with diabetes had a 3-fold greater risk of mortality compared to non-obese patients with diabetes, independent of their glucose lowering treatment [24] . Whether insulin induced weight gain is associated with adverse CV outcome remains unknown because robust large scale clinical trials such as UKPDS [7] , ADVANCE [25] and ACCORD [13] study did not stratify their CV outcomes by weight-loss or weight-gain, for any given level of glycaemic control. However, in a post hoc analysis of the ACCORD study, patients who were inadequately controlled at baseline and received intensive glucose lowering strategy but still had suboptimal glucose control (HbA1c >7%; >53 mmol/mol) experienced higher mortality rate [26] . This observation suggest patient-factors associated with persistently high HbA1c, despite intensive treatment, appear to be the most important determinant of increased mortality risks. To this end, an important confounder that needs to be considered in our observation is that insulin-induced weight gain suggest patients' compliance to insulin treatment intensification and thus a surrogate marker of compliance to holistic care and treatment.
Thus the observation from this study that obese patients experienced relative weight loss and less HbA1c reduction (compared to the normal and overweight group) could potentially imply a less compliance or less aggressively managed patients. While compliance to insulin therapy may also be a factor in this observation, it might be conceivable that overweight patients were provided with more detailed advice regarding strategies to lose weight and/or a referral to dietitian, due to anticipated weight gain due to insulin, than individuals who are underweight or have normal weight. However, this observation only hold valid in the first 24 months of treatment, because at 36 months of treatment, there appears to be a greater relating HbA1c reduction in the obese group, compared with normal or overweight. Nevertheless, we contend that that failure to achieve HbA1c reduction, despite optimal glucose lowering treatment, in obese patients should trigger clinicians to intensify cardiovascular risk reduction strategies.
Our analyses were subject to a number of limitations that are inherent to observational studies.
Firstly, as previously discussed, we cannot ascertain treatment compliance. Also, some factors like lifestyle and dietary intervention may influence our findings. We were also not able to obtain the longitudinal insulin doses, an important predictor of insulin-induced weight gain.
[27,28]. Difference in the use of different glucose lowering therapy is large. This however reflects the current preference of glucose lowering therapy in UK primary care, i.e. a high preference for metformin and sulfonylurea, but less experience with novel therapies like DPP4 inhibitor, GLP-1 and SGLT inhibitor). In addition, the long duration of diabetes may also account for differences in the use of GLT in this study. This may be since our aim was to look at status of baseline weight per se on metabolic and CV outcomes, we would argue that this should not influence the robustness of our findings. Although we could not account for other potential residual confounders such, indications for intensification treatments, markers of βcell deterioration, doses of lipid lowering or antihypertensive therapy and frequency of hypoglycaemia, we were able to account for differences in the observed covariates and used robust analytical techniques to control confounding that may bias the results of the estimated treatment effects.
In conclusion, we observed that while insulin treatment is associated with weight gain, baseline weight confers only a marginal influence on its efficacy in achieving HbA1c target.
Nevertheless, obese patients at the time of insulin initiation appear to be at high risk of mortality. While these findings should provide important reassurance among patients with T2D who gained weight following insulin treatment in routine clinical practice, it also highlights the high mortality risk of obese people with T2D. Legend Table 1 -Baseline characteristics of study participants 
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Abbreviations: BMI (body mass index) *Mean coefficient of change ion BMI compared to the normal BMI category **LRT (Likelihood Ratio Test) p-value showing the mean changes in BMI according to baseline BMI categories p-value for trend <0.0001 for each follow up timeline
